In this study, the eect of the actual geometry of the magnetic eld on the electron temperature has been investigated daily and seasonally for the electromagnetic wave travelling at subionosphere. The electron energy balance equation has been obtained by using the ideal gas approximation. The results show that there are notable dierences between the two situations (B k z and B real, z). According to our theoretical study, the maximum changes are shown at L-and R-mode, small eect on X-mode and no variation on O-mode due to the real geometry of the magnetic eld. Besides, the heights of the maximum points are changeable daily and seasonally for all modes at the subionosphere.
Introduction
The highest frequency waves reected from the ionosphere are high-frequency (HF) waves which cover the range of 330 MHz. The properties of the ionosphere have been investigated by examining factors aecting the propagation and reection of the radio waves in this HF band reected from the ionosphere [1] .
The HF radio wave is exposed to many physical events in the ionosphere until it reaches the receiver by reecting from the ionosphere after sending from the transmitter. The most important one of these is absorption. The HF radio wave passing through the ionosphere transfers the electrons and ions in free state within weakly ionized plasma as a part of its energy. The transferred energy increases the average kinetic energy of electrons and ions in free state. If the electrons and ions with increased energy do not collide with low-energy neutral particles, then a large part of lost energy of the radio wave is converted to the electromagnetic energy and continues to the propagation too much unchanged intensity of the wave.
However, if the electrons and ions collide with neutral particles, then a large part of this energy is lost and the wave energy is absorbed [25] .
High-powerful radio waves increase the temperature and change the electron and ion densities through the collisions of the electrons with the ions and with the neutral molecules and atoms in the perturbed region of the ionosphere. This alters the high-powerful radio waves absorption. Thus, the heating of the ionosphere in the eld of high-powerful radio waves should excite new plasma oscillations and enhance those already present there, and give rise to formation of an oscillating tur- * corresponding author; e-mail: mcanyilmaz@firat.edu.tr bulized region. This strongly inuences the conditions of radio wave propagation in the perturbed region of plasma, causing them to become more strongly absorbed and scattered [6] .
The above-mentioned eects are only a few of the nonlinear eects occurring in the ionospheric plasma. Nonlinear eects were observed by Gurevich et al. [7, 8] .
They were described as eects of the self-action of a high power radio wave. These eects lead to a sharp increase of the wave absorption under certain conditions and decrease of absorption (plasma translucence eect) under others [9] . In this theoretical research, the eect of a high-power HF radio wave which spreads as vertical on the electron temperature in the subionosphere depending on the actual geometry of the magnetic eld of the Earth has been studied. These eects are investigated as daily and seasonal in terms of dierent wave modes. 
where E is electrical eld, B is magnetic eld, v and m are the velocity and mass of electron, respectively. ν is total collisions frequency and sum of the electron-neutral and electron-ion collision frequencies [16, 17] :
in which 
where J is the current density and σ is the ionospheric conductivity tensor. From Maxwell's equations the following wave equation can be obtained [16] :
in which I is unit matrix and n is the refractive index.
By using the geometry and solving Eq. (4), we can obtain the basic dispersion relation as follows:
Thus, dierent modes of the HF wave are obtained by solving basic dispersion relation and the refractive index n can be obtained in the terms of plasma parameters. The HF wave is travelling in the z-direction in the ionosphere. The solution of Eq. (5) gives two modes. These are plasma oscillations and polarization waves (P-waves).
Polarized waves are divided into two as the right (right--handed, R) and left (left-handed, L):
Despite of the HF wave is propagating in the z-direction, there are also waves travelling in the y-(or x-) direction due to the geometry of the geomagnetic eld.
These are ordinary (O-wave) and extraordinary (X-wave) waves [16] :
where X, Y , and Z are X = 
Using the ideal gas approach to electron gas, the electron temperature change based on the absorption is dened by the following nonlinear dierential Eq. (9):
in which k B is the Boltzmann constant, S is the energy ux of the HF radio wave and L denes sum of the energy losses as a result of the electron collision processes.
The energy ux is determined as
where ERP is the eective radiation power of the transmitter [2, 10] .
Also, L values are taken as follows [19] :
L rot (e, N 2 ) = 4.65 × 10 
f 2 = 3300 − 839 sin 1.91 × 10 −5 (T e − 2700) .
The calculation algorithm
Typically, the electron temperature in the ionosphere responds rapidly (a few seconds) to changing conditions and, therefore, the electron temperature is generally in a quasi-steady state (∂/∂t → 0). Furthermore, at low altitudes, thermal conduction is not important because the neutrals are eective in inhibiting the ow of heat.
Under these circumstances, the electron temperature is determined by a balance between local heating and cooling processes [20] . In the equilibrium case is dTe dt = 0 and Eq. (11) can be solved as a function of T e [10] . The needed parameters for this calculation are ω, N e , B,
and T n . In this study, the data of electron density were taken from the IRI-2007 model; neutral atmosphere parameters were taken from MSISE-90 model [20] .
In the equilibrium case, the electron temperature in a desired height is calculated with the equalization to zero of the dierence between energy transfer and loss to the media. The integral in Eq. (12) • 41 N, 38
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• . Year, day and time are taken as 2009, equinox, local time, respectively. Fig. 2 . The eect of the dierent modes of the HF radio wave over the electron temperature for the sunrise times. Fig. 3 . The eect of the dierent modes of the HF radio wave over the electron temperature for the 14.00 LT.
The eect of the dierent modes of the HF radio wave over the electron temperature for the sunrise and 14.00
LT is given in Fig. 2 and Fig. 3 Fig. 4 . The eect of the dierent modes of the HF radio wave over the electron temperature for the sunrise (magnetic eld real geometry).
The maximum and minimum eects are seen at the R-mode and L-mode for the sunrise and 14.00 LT, respectively. The electron temperature is bigger than 2400 K for R-and X-mode at the sunrise. But, the electron temperature decreases according to the sunrise at the afternoon. The maximum and minimum eects are at the same modes.
The variations of the electron temperature of the dierent modes are given in Fig. 4 and Fig. 5 . HF radio wave is at the z-direction and magnetic eld's real geometry is used at the calculations. occurs between these two modes as shown in Fig. 4 and 5.
The electron temperature decreases about 40 K at X-mode between these two conditions. But, there is not any change at O-mode because of the non-eect of the magnetic eld (Eq. (8)).
The maximum values of electron temperature and height for equinox days and dierent hours are given in Table. Sunrise time electron temperature is nearly 200 300 K bigger than 14.00 LT for all modes, days. Also, the absorption height is decreasing with increase of the electron density. The energy in the ionosphere is shared between the existing electrons. The average kinetic energy of electrons is decreasing with the increase of the electron density. So that, high-power radio wave energy is absorbed at a lower height.
